Abstract-With downstream ashers, the wafer is heated to provide the necessary activation energy to remove the photoresist, using a chemical reaction with free oxygen radicals. Two factors, temperature and the presence of a hardened crust layer on top of the resist; can contribute to flowing resist into open contacts or vias. When the wafer is loaded into the process chamber, the transient temperature of the wafer surface will become hot enough to exceed the glass transition temperature (Tg) of the resist, causing it to soften and flow. The hardened top resist crust prevents the resist from being stripped at a rate that is fast enough to avoid viscous flow into the opening. Residual resist will remain in an opening, if the ash process ends before the "flowed" volume of resist can be consumed. A novel post contact and via etch resist strip process that prevents resist from flowing into the openings, has been developed using a plasma resist strip tool. The dry strip process is followed by a DI-water-only clean. This avoids the use of toxic wet chemicals that are costly. The DI-water clean is designed to remove fluorinated polymers from the holes and to remove polymer and particles from the ILD surface.
I. INTRODUCTION
In photolithography processing, a patterned photoresist film is exposed to DUV radiation, followed by an optimized temperature bake to prevent resist flow [1] . Extensive characterization and monitoring of the pholithographic process steps has been reported in the literature, with numerous methods used for measuring the glass transition temperature (Tg) of the photoresist [2] [3] [4] . Tg is considered to be a very critical parameter that can affect the lithographic performance [3] . Using optical interferometry for insitu measurement of the Tg in thin resist lms, it was found that the lm thickness decreases as the Tg increases. The Broad-band Nuclear Magnetic Resonance technique was used to trace the evolution of the mobility of several major chemical species present in a photoresist film versus processing conditions [5] . It has also been reported that a contact hole resist pattern can easily be shrunk to 50% of its original size using a simple thermal ow procedure. The thermal shrink ratio was shown to be strongly dependent on the temperature and baking time [6] . We found that our historical "pins down" downstream ash process at 250 o C was causing intermittent resist flow, which covered over the top of the contact openings [ Fig. 1 ]. We attributed this intermittent failure to the fact that we used a process that was only designed to remove photoresist that did not go through structural modification (i.e. that has not been cross-linked, contaminated or hardened). There are several reports on the modification of the top surface of the photoresist due to exposure to ion bombardment during ion implantation [7] or an RIE plasma process [8, 9, 10] . From the Auger analysis of a wafer processed through etch, ash and a wet clean [ Figure 2 ], we found that the post resist strip residue contains mainly Si and O, with a small presence of carbon. This residue is suspected to be a consequence of the reaction between the sputtered SiO 2 from the ILD film, the etch showing polymer webbing and resist flow defects that were created using a "standard" ash process.
chemistry and the photoresist film. Exposure to oxygen plasma at high temperature will reduce the amount of fluorine and carbon content.
II. EXPERIMENTAL AND RESULTS
Contact holes were formed using an RIE process with the reactive gases CHF 3 , CF 4 , O 2, and the inert gas Argon. The wafers were inspected for polymer residue using scanning electron microscopy (SEM). The chemical composition of the polymer was analyzed using Auger Electron Spectroscopy (AES). The electrical characteristics and yield were measured at the end of the line. Short flow wafers were used to characterize the post etch photoresist stripping process. We focused on the first step (breakthrough) that is designed to remove the crust layer. This step is done in the pins up mode with a temperature setpoint of 260 o C, using an O 2 /N 2 /H 2 chemistry with a combination of RIE and downstream plasma sources at low pressure. This step is designed to remove the crust layer and some surface polymer, without further hardening these thin films. The step also removes a portion of the bulk resist film. There is no detectable resist flow, because the thin films are consumed at a rate which exceeds the viscous flow rate of the resist. Figure 3 shows that the breakthrough step starts by clearing the resist away from the contact holes. After 30 seconds of processing, the resist is almost all cleared. Figure 4 shows the effect of the processing parameters on the photoresist removal rate. Top panel from left to right shows the variation of the strip rate as the pressure, power, and oxygen flow are varied from 0.1 to 0.2 Torr, 425 to 525 Watts, and 80 to 20 sccm respectively. Lower panel shows the effect of temperature and pin height. The pin height represents the wafer distance from the hot plate and has the most significant effect on the removal rate. At position 2 the wafer is in contact with the hot plate, while at positions 3 and 4, the wafer is 1 and 2 mm above the hot plate, respectively. Our optimized process uses pin position 3 to keep the wafer at a relatively low temperature, and prevent resist flow while the crust layer is being removed. In practice, this step is used for partial resist strip, just to ensure that the top crust layer is completely removed. The crust removal step is followed by a bulk resist step. This step is done in the pins position 2 with a temperature setpoint of 260 o C using O2/N 2 /H 2 downstream plasma. This step is designed to aggressively strip any remaining resist and will further attack any polymers that still contain carbon. As shown in figure 5 , wafer temperature and microwave power are the most significant factors that affect the bulk resist strip. Once the resist is completely removed, a polymer residue is left on the top surface, as well as the sidewall and bottom of the contact opening. Plasma processing is concluded with a final step that is designed to fluorinate any remaining polymer, thus making it soluble in the following DI water clean process. This step is done in the pins up mode with a temperature setpoint of 260 o C using a CF 4 /N 2 /H 2 RIE plasma. Top down and SEM X-section characterization work shows that this sequence of processes is very effective in stripping the photoresist and removing the etch byproducts, while preventing resist from flowing into the contact or via openings. Since the implementation of the new process for a period exceeding two years, no residual resist due to a resist flow mechanism has been detected. End of line electrical measurements show that the dry deveil process has equivalent or lower contact resistance, when compared to the wet clean process integration.
III. CONCLUSION
A new post contact and via etch dry strip process integration has been developed with an optimal combination of RF and microwave plasma. This new process strips the resist and removes the polymers, without causing any resist flow into the openings. The final dry strip step with a fluorine based chemistry converts the etch residue into a water soluble compound. A DI-water-only clean was used to remove the post etch residue.
This dry strip process integration reduces cycle time, improves process control, and lowers the contamination risk, when compared to the conventional bulk resist ash and wet clean process integration. 
